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Abstract 
 
This work presents results of research on the influence of microwave heating time on the process of hardening of water glass molding 
sands. Essential influence of this drying process on basic properties such as: compression, bending and tensile strength as well as 
permeability and wear resistance, has been found. It has been proved, that all the investigated sorts of sodium water glass could be used as 
binding material of molding sands intended for curing with the microwave process heating. It has been found, while analyzing the results 
of property studies of microwave heated molding sands with 2.5% addition of water glass, that all available on the market kinds of this 
binding agent (including the most frequently used in foundry 145 and 149 kinds) after microwave heating guarantee very good 
compression, bending and tensile strength as well as permeability and wear resistance. Moreover, it has been determined that the optimal 
curing time of molding sands containing various kinds of water glass is 240 seconds. After this time, all basic properties of molding sands 
are stable. The use of microwave curing of water glass molding sands results in a significant decrease of hardening process time, full 
stabilization of molding sands as well as much lower energy consumption. 
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1. Introduction 
 
Microwaves are broadly applied in such fields as 
telecommunications, meteorology or chemistry. Microwave 
energy might also be used, among others, in foundry engineering 
and curing process of molding sands, including water glass 
molding sands [1-4]. Microwave hardening process time is 10-
200 times shorter in comparison to conventional heating. Also, 
energy consumption in microwave heating is 10 up to even 100 
times lower. This concerns all foundry processes using thermal 
energy supplied with traditional methods. The above mentioned 
benefits encouraged the Authors, expecting additional positive 
effects related to implementation of this energy in foundry 
engineering, to undertake efforts of microwave energy application 
in hardening process of molding and core sands containing water 
glass. 
 
 
2. Measuring position 
 
Hardening process studies (curing, dehydration [6]) of molding 
sands conducted with commonly used microwave ovens does not guarantee repeatability of parameters and full process control. 
These devices have a very simple power supply unit, not allowing 
for a steady magnetron output power control. In our studies we 
used a microprocessor controlled device, allowing for magnetron 
power supply control and microwaves’ amplitude regulation 
(which allows for a steady power control) as well as the 
possibility of heating time duration and number of cycles 
selection matching a degree of working chamber filling with stock 
[2,7]. The studies have been conducted in a research station 
presented in figure 1.  
 
 
Fig.1. Block diagram of research station 
 
 
3. Preparation of molding sands 
 
It has been determined, basing on literature data and analysis 
of the initial study results [2], that – from the viewpoint of 
microwave hardening process – it is beneficial to introduce 0.5% 
addition of water to a mass consisting of high-silica sand and 
water glass. A standard high-silica sand from Nowogród 
Bobrzański sand mine of 0.32/0.2/0.16 main fraction and sodium 
water glass manufactured by Zakłady Chemiczne „Rudniki” S.A., 
whose properties (according to certificate) are presented in table 
1, have been used for preparation on molding sands used in our 
studies. The molding sands have been prepared according to the 
following formula: A portion of high-silica sand (4 kg) was put 
into a laboratory mixer and, after its start, 20 ml (0.5%) of water 
were poured in. Water glass (2.5%) was dosed in during the 
mixing process, which took 4 minutes. Samples for determination 
of compression, bending and tensile strength as well as 
permeability and wear resistance  were formed in a standard 
rammer from molding sands prepared in this way [8-10]. 
Consolidation degree of the tested samples was determined on the 
basis of the initial studies, which found that a triple ramming of 
the masses guarantees their sufficient consolidation allowing for 
taking them out, without damage, from molds and operating, 
regardless of water glass kind used for their preparation. Also, a 
constant, apparent density of the mass, playing an important role 
in our studies, was determined in this way [3]. 
 
 
4. Sample hardening process 
 
The studies have been conducted for molding sand samples 
containing five different kinds of water glass (table 1). The 
samples were subject to microwave effects. Three samples have 
been simultaneously put into the heating chamber and their 
compression, bending and tensile strength determined. This 
number of samples ensured proper operation of magnetron and 
identical conditions of hardening. Microwave power has been 700 
W. It has been determined that curing time should be: 60, 120, 
180, 240, 300 and 360 seconds, subsequently. The samples have 
been left to cool down to ambient temperature, after hardening. 
Since compression strength of the microwave cured samples 
exceeded measurement range of a universal laboratory apparatus, 
this value was determined using a universal strength machine 
Instron 1126, ensuring identical pressure increase speed, equal to 
0.25 N/cm
2. 
 
 
5. Research results 
 
Comparison of research results of curing time influence of 
molding sands containing five different water glass kinds on 
compression, bending and tensile strength as well as permeability 
and wear resistance has been presented in figures 2 to 6. 
Measuring points are mean values of three measurements. 
 
 
Table 1.  
Physical- chemical properties of sodium water glass 
Kind 
Mole module 
SiO2/Na2O 
Oxide content 
(SiO2+Na2O) 
% 
Density (20 
oC) g/cm
3 Fe2O3 % max  CaO % max 
Dynamic 
viscosity 
(P) 
150 1.9÷2.1  40.0  1.50÷1.53  0.01  0.1  1 
149 2.8÷3.0  42.5  1.49÷1.51  0.01  0.1  7 
145 2.4÷2.6  39.0  1.45÷1.48  0.01  0.1  1 
140 2.9÷3.1  36  1.40÷1.43  0.01  0.1  1 
137 3.2÷3.4  35  1.37÷1.40  0.01  0.1  1 
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Fig.2. Influence of microwave heating time and water glass kind on 
molding sand compression strength 
 
 
Fig.3. Influence of microwave heating time and water glass kind on 
molding sand tensile strength 
 
 
Fig.4. Influence of microwave heating time and water glass kind on 
molding sand bending strength 
 
Fig.5. Influence of microwave heating time and water glass kind on 
molding sand permeability 
 
 
Fig.6. Influence of microwave heating time and water glass kind on 
molding sand wear resistance 
 
As appears from figure 2 analysis, compression strength after 
60 seconds of hardening time is very low and fluctuates around 1 
MPa value, regardless of water glass kind. A very substantial 
(tenfold) strength increase is observed with time increase up to 
120 seconds. Only in case of water glass of 150 kind the strength 
increased very slightly. After 180 seconds’ time a further increase 
of compression strength is observed, however, it is not so great as 
after 120 seconds’ time. Compression strength stabilization for all 
the used water glass kinds takes place after 180 seconds of curing. 
Compression strength difference of water glass of 145 kind in 
comparison to 137 kind is almost 40%. 
Figure 3 presents microwave hardening time influence on 
tensile strength. Its increase is observed within time range of 60 – 
180 seconds. Tensile strength stabilizes after 180 seconds. The 
greatest tensile strength characterizes molding sand with water 
glass of 145 kind and it is 40% higher than that of molding sand 
prepared with addition of water glass of 137 kind. 
Hardening time influence on bending strength is presented in 
figure 4. In this case also, an increase of bending strength has 
been observed after 180 seconds. Similarly as in case of 
compression and tensile strength, bending strength stabilizes after 
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of two water glass kinds – 150 and 137 – is observed. 
As appears from the analysis of figure 5, presenting 
microwave curing time influence on permeability, the microwave 
process duration has practically no influence on this value, 
regardless from the used water glass kind. 
Hardening time influence on wear resistance of the 
investigated molding sands has been presented in figure 6. Wear 
resistance is reduced until 180 seconds of curing time (while 
abrasion strength of the mass increases). After this time, wear 
resistance remains at a practically unchanged level for all the used 
water glass kinds. 
 
 
6. Final conclusions 
 
While analyzing the results of microwave curing time 
influence on basic properties of water glass molding sands it 
might be stated that: 
•  all kinds of this binding agent used in our research (including 
the most frequently used in foundry engineering kinds of 145 
and 149) after microwave heating guarantee very good 
compression, bending and tensile strength as well as 
permeability and wear resistance, 
•  the greatest influence of microwave curing time has been 
found in case of compression, bending and tensile strength of 
all kinds of water glass, 
•  from among all the investigated water glass kinds, the 
greatest influence of microwave curing time on basic 
properties has been observed in case of water glass kinds of 
145 and 150, 
•  the smallest influence of microwave hardening time has been 
observed for 137 kind of water glass, 
•  no time influence on permeability and wear resistance of the 
investigated molding sands containing all kinds of water 
glass has been observed after 180 seconds’ time, 
•  the optimal microwave curing time of molding sands with all 
kinds of water glass is 240 seconds. All basic properties of 
molding sands are stable after this time, 
•  application of microwave curing process for water glass 
molding sands ensures notable economic benefits resulting 
from a significant reduction of curing time as well as from 
reduction of energy consumption, while simultaneously 
ensuring excellent properties of molding and core sands. 
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